INTRODUCTION
We investigated the prompt dipole γ-ray emission, related with entrance channel charge asymmetry effects, in the 32,36 S + 100,96 Mo fusion reactions at E lab ∼ 6 MeV/nucleon, with the aim to probe its evolution with incident energy. These reactions populate, through entrance channels having different charge asymmetries, the 132 Ce compound nucleus at an excitation energy of 117 MeV with identical spin distribution. Fusion events were selected by detecting high-energy γ-rays in coincidence with evaporation residues. The present results can be compared directly with those related to the same reactions at E lab ∼ 9 MeV/nucleon where the compound nucleus excitation energy was equal to 173.5 MeV [1] .
This study could be of aid in the formation of superheavy elements. In fact, the emission of pre-equilibrium dipole photons could represent an efficient new cooling mechanism of the composite system in charge asymmetric "hot" fusion reactions, increasing thus its survival probability against fission [2] .
EXPERIMENTAL SET-UP
The experiment was performed by using the pulsed beams of 32 S and 36 S provided by the heavy-ion 15 MV Tandem-XTU accelerator of the Laboratori Nazionali di Legnaro (Italy) at E lab = 196 MeV and 214.2 MeV, respectively, impinging on 550 µg/cm 2 thick 100 Mo ( 97.42%) and 96 Mo ( 95.9%) self-supporting targets. The beam consisted of ∼ 2 ns wide bunches with a 400 ns separation and it was measured in a Faraday cup shielded with lead and paraffin to reduce the background due to γ-rays and neutrons. Beam current was about 10 nA.
The γ-rays were detected by using six seven-pack clusters of BaF 2 scintillators situated at 28 cm from the target at different θ angles with respect to the beam direction. The total solid angle covered by all the clusters was 1.6 sr. Each cluster was surrounded by a 3 mm thick lead shield which reduced the counting rate due to the low energy γ-rays to 50% and stopped the charged particles. The evaporation residues were detected by means of four position sensitive Parallel Plate Avalanche Counters (PPAC's) located at θ = 7
• symmetrically around the beam direction at 70 cm from the target. The total solid angle covered by the PPAC's was 0.089 sr. They provided the time of flight (TOF) with respect to the radiofrequency signal of the accelerator, the energy loss (∆E) and the position of the reaction products. The energy calibration of the γ-ray detectors was obtained by using the sources 60 Co, 88 Y, the composite source of 241 Am+ 9 Be and the 15.1 MeV γ-rays from the p+ 12 C reaction. Down-scaled single events together with coincidence events between a PPAC and at least one fired BaF 2 scintillator were collected during the experiment. A coincidence event was accepted if the deposited energy in a BaF 2 cluster was greater than ∼ 5 MeV. The threshold of each BaF 2 scintillator was set at ∼ 100 keV. The coincidence request eliminated any cosmic ray contamination of the γ-ray spectra.
RESULTS AND DISCUSSION
In Fig. 1 we report the experimental differential γ-ray multiplicity obtained with all the BaF 2 clusters in coincidence with evaporation residues, in the center of mass reference frame. ǫ det is the energy dependent efficiency of the experimental apparatus. The squares and the circles correspond to the 32 S + 100 Mo and the 36 S + 96 Mo reactions, respectively. The spectra were integrated in 4π by assuming an isotropic emission in the center of mass reference frame.
Different mechanisms may feed the γ-ray spectra at E γ greater than 20 MeV, the nucleon-nucleon bremsstrahlung mechanism being the dominant [3] . At the present incident energies this contribution to the spectra can be neglected.
From Fig. 1 one can see that the γ-ray multiplicity is identical for both reactions within the experimental uncertainties in the whole energy range. In order to emphasize the details in the GDR energy region, a linearization procedure of the experimental γ-ray spectra was performed. In this way, the exponential behaviour due to the nuclear level density is eliminated from the data. The γ-ray spectra associated with the two reactions ( Fig. 1) were linearized by dividing them by the same theoretical γ-ray spectrum, calculated with the CASCADE code [4] where a constant dipole strength and a level density parameter a=A/8 MeV −1 were considered. Moreover, the constant strength theoretical γ-ray spectrum was folded by the experimental set up response function by using the GEANT code [5] . The linearized data of the 32 S + 100 Mo ( 36 S + 96 Mo) reaction are displayed by the squares (circles) in Fig. 2 . Also from Fig. 2 it can be seen that there is no difference between the linearized data of the two reactions within the error bars. This result is different from that obtained at higher compound nucleus excitation energy for the same reaction pair [1] where an increase of the GDR γ-ray intensity of ∼ 25% was found for the more charge asymmetric system ( 32 S + 100 Mo) in the bremsstrahlung-subtracted linearized spectra. Therefore, for the studied reaction pair and for the investigated energy region, the prompt dipole γ-ray emission presents an increasing trend with increasing incident energy.
In order to understand the origin of the observed experimental differences for the 32,36 S+ 100,96 M o reaction pair we compared the dynamical dipole mode in the entrance channel for the considered systems at incident energy of 6 and 9 MeV/nucleon in the framework of a BNV transport model [6] . Moreover, by using a bremsstrahlung approach [7] we calculated the photon emission probability associated with this dipole mode (details are presented in [8] ). These calculations predict a lower dynamical dipole yield at the lower incident energy related to a slower neck dynamics which obstructs a full collective response. The variation of the theoretical ratio of the total pre-equilibrium to the total statistical GDR γ-ray multiplicity with incident energy is found to be in good agreement with that of the corresponding experimental ratio of the total extra dipole γ-ray multiplicity from the N/Z asymmetric system to the total statistical GDR γ-ray multiplicity associated with the N/Z symmetric one.
In order to map the behaviour of the prompt dipole γ-ray emission in the whole incident energy region the present results were compared with those related to the 36,40 Ar + 96,92 Zr reaction pair, characterized by the same initial dipole moment difference of the previous one, at E lab ∼ 16 MeV/nucleon. In the above reactions the 132 Ce compound nucleus is created at an excitation energy of 304 MeV with identical spin distribution. Our preliminary results show that the compound nucleus GDR γ-ray intensity increases by ∼ 14% going towards the more charge asymmetric system. In conclusion, by combining all the experimental findings one can see that the prompt dipole γ-ray emission presents a maximum at incident energy of ∼ 9 MeV/nucleon, decreasing towards lower and higher beam energies.
In future, the investigation of the prompt dipole γ-ray emission should be pursued in association with the use of radioactive beams which allow us to maximize this kind of emission. Such studies could be of aid to form superheavy elements by taking advantage of the prompt dipole γ-ray emission taking place in "hot" fusion reactions between charge asymmetric colliding ions.
